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Abstract

The effect of Pt film thickness on the formation of platinum silicide (PtSi) phase, distribution of silicides, and surface morphology of PtSi/

Si films was investigated with X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and atomic force microscopy (AFM). It was

shown that when the film structure was changed from PtSi/Si to Pt/Pt2Si+PtSi/PtSi/Si, the film morphology changed from a smooth surface to

a coarse columnar structure with the increase of the Pt film thickness.
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1. Introduction

Platinum silicide (PtSi) has been one of the most widely

used metal silicides in Si based microelectronic and

optoelectronic devices, such as large-scale integrated

circuits and infrared detectors, because it exhibits excellent

Schottky and Ohmic characteristics for n- and p-type Si [1–

3]. Pt films can be deposited on silicon substrates by

molecular beam epitaxy (MBE), electron beam deposition,

magnetron sputtering, and pulsed laser deposition (PLD) [4–

8]. The formation mechanisms of PtSi films have been

reported in the literature [9–12]. According to the annealing

conditions, the different silicide structures can be observed

[7]. The height of Schottky barriers depends considerably

on the film deposition conditions and post-treatment. To

improve the detecting sensitivity of PtSi infrared focal plane

detector (IRFPD), a thin and uniform PtSi layer should be

produced.

This paper is to investigate the influence of Pt film

thickness on the film composition and surface morphology
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of platinum silicide (PtSi, Pt2Si) films with X-ray photo-

electron spectroscopy (XPS) and X-ray diffraction (XRD) to

study the silicides formation, and with atomic force micro-

scopy (AFM) to study the surface morphology.
2. Experimental details

Wafers of p-type Si (111) with a resistivity of 20 Vd cm

were used as the substrates. After degreasing in organic

solvents, they were dipped in a buffered HF solution to

remove the native oxide layer. These wafers were then put

into the deposition chamber of magnetron sputtering

machine (V5-24-C) at a vacuum level of 10�7–10�8 Pa;

2-, 5- and 10-nm-thick Pt films were deposited onto the Si

wafers at room temperature. The samples were then

annealed in an N2 atmosphere at 500 8C for 30 min to

produce silicide films.

The films were then analyzed by XPS, XRD and AFM

techniques. XPS (PHI5700ESCA) used an Mg monochro-

mator with sputtering once every 30 s, and XRD (D/max-

rA) used a Cu target with a Cu Ka line. AFM (NanoScope

IIIa) was employed to measure the surface morphological

characteristics of the samples.
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Fig. 1. XPS spectra of the samples with different Pt layer thicknesses; (a) 2 nm Pt film (b) 5 nm Pt film, and (c) 10 nm Pt film.
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Fig. 2. XRD spectra of the samples with different Pt thicknesses; (a) 2 nm Pt film (b) 5 nm Pt film (a) 10 nm Pt film.

J. Yin et al. / Surface & Coatings Technology 198 (2005) 329–334 331



Fig. 3. AFM images of the samples with different Pt film thicknesses; (a)

bare p-Si substrate, (b) 2 nm Pt film, (c) 5 nm Pt film, and (d) 10 nm Pt film.
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3. Results and discussion

3.1. Effect of Pt film thickness on the growth of PtSi

The interfacial reaction of Pt with Si is studied with XPS

to analyze the formation and distribution of silicides. Fig. 1

shows a relationship between the chemical binding energy

of Pt 4f and sputtering cycles for the samples with different

thicknesses of Pt films, with the right ordinate being the

number of sputtering cycles, and the left ordinate represent-

ing the intensity of spectra. According to the peak position

of standard carbon, the position of Pt 4f 7/2 in platinum is

69.87 eV, 71.3 eV in PtSi and 70.8 eV in Pt2Si. The

positions of Pt 4f (Pt 4f 7/2 71.3 eV and Pt 4f 5/2 74.7eV) on

the sample surfaces are attributed to the PtSi phase.

In Fig. 1a, the Pt atoms have reacted with the Si atoms

completely and formed the simple PtSi silicide. There would

be fewer Pt atoms on the sample surfaces and thus the Pt 4f

peaks broaden towards a high binding energy in the 11th–

19th sputtering cycles, as shown in Fig. 1b. According to

the positions of silicide phases, the region containing the

Pt2Si and PtSi phases is a mixed phase zone. With the

sputtering cycles increased, the Pt 4f peaks shift to the

position of the PtSi phase and become narrower and more

symmetric.

In Fig. 1c, the Pt 4f peaks become narrower and more

symmetric with respect to the depth etched. The positions of

Pt 4f7/2 at 70.4 eV and Pt 4f5/2 at 73.5 eV are from the

outermost surfaces, which belong to Pt. With the sputtering

cycles further increased, both peaks move gradually and

arrive at 71.0 and 74.3 eV, respectively at 25th sputtering

cycle, which illustrates that the Pt2Si phase exists in the

region. Beginning from 30th cycle, the silicides turn into the

PtSi phase.

Fig. 2 shows the XRD patterns of the samples with

different Pt film thicknesses. The XRD spectra measured

with a grazing incidence angle of 258 depict the presence of
a peak which can be assigned to PtSi, corresponding to

(020) reflection (Fig. 2a). The results have confirmed that

there are rich platinum phases (Pt, Pt2Si) in the 10 nm Pt

film as shown in Fig. 2c. The intensities of the Pt and Pt2Si

phases are stronger than that of the PtSi phase. There would

be more unreacted Pt atoms in the 10-nm-thick Pt films than

that of the samples with 2 and 5 nm Pt films. Obviously, the

patterns indicate the PtSi growth on the Si (111), and the

(020) PtSi phase is identified. There would be fewer

unreacted Pt atoms in the latter films.

The silicide growth sequence is interesting in metal/

silicon heterostructures. Pt2Si and PtSi were reported to

grow simultaneously on amorphous silicon, but grow one

by one on single-crystal silicon [13]. The structure develop-

ment with time is determined by kinetic limitations. The

evolution of structure must be in the direction of decreasing

Gibbs free energy, but the free energy is not necessarily a

minimum for any state along the path [14]. In general, while

the samples are annealed, the Pt atoms enter the interstitial
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spaces of the Si lattice and the Si atoms get rid of the

covalent bonds, both of which are mixed together at the

interface of Pt/Si. The silicide composition and phase

distribution in the reaction region would be determined

under thermodynamic and kinetic conditions during anneal-

ing. As the forming energy of Pt2Si phase is 28.8 kJ/mol and

that of the PtSi is 33 kJ/mol, the mixed atoms at the

interface easily form a metastable Pt2Si phase at first, then

transform into the stable PtSi phase. The atomic diffusion

and reaction rates are controlled mainly by annealing

temperature and Pt film thickness.

From the above analysis, it can be seen that Pt reacts with

Si to form PtSi almost completely when the 2 nm Pt film is

deposited on the Si substrate, and the Pt, Pt2Si and PtSi

phases coexist in the film surface areas of the samples with

5 and 10 nm Pt films. The results show that thinner Pt films

are favorable for the Pt and Si atoms to react and form PtSi

directly at the interface of Pt/Si and thicker Pt films favor

the atoms to only react near the Pt/Si interface, and then

leave the unreacted Pt atoms in the film surface areas.

3.2. Effect of Pt film thickness on surface morphology

The surface morphologies of the specimens with different

thicknesses of Pt films are shown in Fig. 3. Fig. 3a is the

surface of the bare p-Si (111) substrate where some polishing

stripes are observed on it. The surface of the sample with 2-

nm-thick Pt film is smooth and dense, and there were no any

visible grains as shown in Fig. 3b. In Fig. 3c and d, some

silicide protrusions are observed on the surface and the films

consist of homogeneous columnar structures. The AFM

analyses of the samples confirm the dependence of the

surface roughness on the Pt film thickness and the surface

roughness increases with the Pt layer thickness. For example,

the 2 nm Pt layer shows an RMS roughness value of 0.56 nm

over an area of 1�1 Am2. Table 1 lists the RMS values of the

samples with different Pt film thicknesses.

The surface morphologies of the Pt films of different

thicknesses illustrate some significant changes under the

same annealing condition as shown in Fig. 3. With the

increase of the Pt film thickness, the smooth surfaces turn

into the columnar structures. A dense aggregation of silicide

particles with a size about 200 nm as in Fig. 3c and about

300 nm as in Fig. 3d is observed, and the RMS values are
Table 1

The characteristics of the surface morphology and phase distribution of the

samples

Pt film

(nm)

RMS

(nm)

Grain size

(nm)

Surface

morphology

Silicides

distribution

0 0.4 Smooth Si

2 0.6 Smooth and

homogeneous

PtS/Si

5 2.4 ~200 Uniform column

grain

Pt/Pt2Si+PtSi/PtSi/Si

10 4.9 ~300 Uniform column

grain

Pt/Pt2Si/PtSi/Si
2.44 and 4.90 nm, respectively. The silicide columnar grains

are seen to be more widely separated, which indicates that

the horizontal size and longitudinal height of the grains

become larger with the increased Pt film thickness.

Compared with the XPS and XRD results, the surface of

the film containing only PtSi phase is smooth and the

coexistence of Pt, Pt2Si and PtSi can lead to a coarse surface.

The fact that the PtSi (020) peak is observed in Fig. 2a is due

to the Pt reacting with Si completely and forming a uniform

structure. The films with a rough surface appear to be made

up of the aggregated particles of Pt, Pt2Si and PtSi phases, and

the orientations of silicide phases are different. During

annealing, the reaction of Pt with Si starts at the interface of

Pt/Si. More Pt atoms form some crystalline nuclei of different

phases in the thicker Pt films. The reaction rate of each phase

is different resulting in dissimilar growth rates and columnar

structures. The thinner Pt films may significantly increase the

PtSi growth rate. Though not shown here, a transition layer

between Pt and PtSi extending into the film surface is

expected to occur, the thickness of which depends on the

annealing temperature and Pt film thickness [15 16].

There is a volume change of the films when the silicides

form. When the Pt film is thin, the Pt atoms can be caught

completely by Si so as to form the PtSi phase and extend

into the surface areas where the strain caused by the volume

change can be effectively relaxed. On the other hand, when

the Pt film is thick, the Pt atoms adjacent to the interface of

Pt/Si first react and form silicides, and then extend

throughout the layer. The strains due to the volume change

from the layer of mixed phases cannot be easily relaxed and

thus promote the formation of columnar structures.
4. Conclusions

The characteristics of phase distribution and surface

morphology of the samples with Pt films of different

thicknesses were studied. Under the same annealing

condition, the Pt film thickness affected the growth and

distribution of the silicides in the PtSi/Si heterostructures

and the surface morphology of the films. As the Pt films

were 2 nm, there was a single PtSi phase and the film

surfaces were smoother. On the other hand, when the

thickness of Pt films was above 5 nm, the Pt, Pt2Si and PtSi

phases coexisted in the films causing a coarse surface.
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